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Description 

The present invention relates to surface acoustic 
wave devices comprising a piezoelectric aluminum 
nitride thin film formed on a single crystal silicon sub- 
strate. 

BACKGROUND OF THE INVENTION 

Surface acoustic wave devices are small-sized 
and stable to temperature and to variations with time, 
can be given the desired filter characteristics by vary- 
ing the configuration of comblike electrodes and 
therefore find wide application, for example, to IF fil- 
ters for television receivers, IF filters for satellite 
broad-casing, RF converter osillators for VTRs, etc. It 
is desired that surface acoustic wave devices be as 
great as possible in effective electromechanical cou- 
pling coefficient K 2 which represents the efficiency of 
conversion of electrical energy to surface acoustic 
wave energy. 

We have already proposed a surface acoustic 
wave device which comprises a piezoelectric alumi- 
num nitride film having a relatively large thickness 
(for example, of 20 u.m to 30 urn) and formed on a sub- 
strate and in which the direction of C-axis orientation 
of the piezoelectric film is inclined with respect to a 
normal to the film (US-A-4,868,444). The proposed 
device can be given a higher coupling coefficient than 
formerly possible. 

In the following C-axis denotes the [001] axis of 
the piezoelectric film, following the usual notation as 
for example disclosed in "Grundlagen der physikali- 
schen Chemie", R. Brdicka, Deutscher Verlag der 
Wissenschaften, Berlin 1982, p. 302-306. 

If the substrate for forming the piezoelectric film 
thereon is a single crystal silicon substrate, other cir- 
cuit devices can also be formed on the same sub- 
strate, whereby an electronic circuit including the sur- 
face acoustic wave device can be fabricated in the 
form of a single chip, hence an advantage. Further 
when the piezoelectric aluminum nitride film formed 
is thin, it becomes possible to produce the surface 
acoustic wave device with an improved efficiency 
than those wherein the piezoelectric film is of the bulk 
type or has a large thickness. 

However, in the case of surface acoustic wave 
devices comprising a single crystal silicon substrate 
and a piezoelectric thin film formed thereon and hav- 
ing a thickness, for example of about 1 to about sev- 
eral micrometers, the coupling coefficient is depend- 
ent not only on the crystal structure, thickness and 
like characteristics of the piezoelectric thin film but 
also on the crystal structure and the like of the sub- 
strate, so that full research has yet to be made on im- 
provements in coupling coefficient. In Unexamined 
Japanese Patent Publications JP-A-58059616, JP-A- 
58059617 and JP-A-58059618, for example, investi- 



gations were directed merely to the optimization of 
the thickness of piezoelectric aluminum nitride thin 
film, with the C-axis of the thin film set parallel or per- 
pendicular to the single crystal silicon substrate. In 

5 this case, the coupling coefficient K 2 was up to 1 .03% 
even under optimum conditions. 

GB-A-2 181 917 discloses a surface acoustic 
wave device comprising an elastic silicone single 
crystal substrate with an AIN-film deposited on the 

10 elastic substrate so that piezoelectric axis of the AIN- 
film is perpendicular or parallel to the major surface 
of the elastic substrate. Electrodes are provided on 
the AIN-film. 

15 SUMMARY OF THE INVENTION 

The main object of the present invention is to pro- 
vide a surface acoustic wave device which comprises 
a piezoelectric aluminum nitride thin film formed on 
20 a single crystal silicon substrate and which has a 
higher coupling coefficient than conventionally possi- 
ble. 

Accordingly, receiving a hint from the research 
which matured to the surface acoustic wave device of 

25 U.S-A-4,868,444, we have conducted further re- 
search on surface acoustic wave devices comprising 
a single crystal silicon substrate and a piezoelectric 
aluminum nitride thin film formed thereon and having 
a thickness of several micrometers and found that the 

30 coupling coefficient of the device can be improved by 
setting the C-axis of the piezoelectric thin film at a 
suitable angle of inclination with respect to a normal 
to the substrate. The present invention has been ac- 
complished based on this finding. 

35 The object is achieved by a surface acoustic 
wave device according to claim 1 . The further claims 
are related to different embodiment of the present in- 
vention. 

Conventionally, the inclination angle 9 was 0 de- 

40 gree or 90 degrees. 

Consequently, the surface acoustic wave device 
embodying the present invention has a coupling coef- 
ficient up to a maximum of 2.22%, which is well above 
the conventional maximum value, i.e., 1.03%. The 

45 coupling coefficient was calculated by constructing a 
model of surface acoustic wave device which is gen- 
erally recognized as being reliable as will be descri- 
bed later and strictly numerically analyzing the model 
with a computer. Manifestly, therefore, the theoretical 

so value of coupling coefficient is highly accurate. 

With the surface acoustic wave device disclosed 
in the above-mentioned U.S-A- 4,868,444, a higher 
coupling coefficient than in the prior art was realized 
by a piezoelectric aluminum nitride film having a rel- 

55 atively large thickness (at least several times the wa- 
velength X of the surface acoustic wave) in the case 
where the propagation characteristics of the surface 
acoustic wave are determined only by the piezoelec- 
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trie film, whereas with the present invention, a higher 
coupling coefficient than heretofore possible has 
been realized with a piezoelectric film which is thin 
(less than several times the wavelength X of the sur- 
face acoustic wave, e.g., up to 8 jim) in the case 5 
where the propagation characteristics of the surface 
acoustic wave are influenced not only by the piezo- 
electric film but also by the elasticity and piezoelec- 
tric characteristics of the substrate. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view showing the con- 
struction of a surface acoustic wave device em- 
bodying the present invention; 15 
FIG. 2 is a perspective view showing the appear- 
ance of a package having the device of FIG. 1 en- 
closed therein; 

FIGS. 3 to 5 are graphs showing the characteris- 
tics of the coupling coefficient K 2 relative to the 20 
angle of inclination 6; and 
FIGS. 6 and 7 are diagrams showing the ranges 
of inclination angles giving high coupling coeffi- 
cients. 

25 

DETAILED DESCRIPTION OF EMBODIMENT 

FIG. 1 shows a surface acoustic wave device 
which comprises a single crystal silicon substrate 1 , 
and a piezoelectric thin film 2 of C-axis-oriented poly- 30 
crystalline aluminum nitride having a thickness of 
about 1 |im to about 8 urn. A transmitting electrode 3 
and a receiving electrode 4, each resembling a comb, 
are formed as opposed to each other on the surface 
of the piezoelectric thin film 2. A surface acoustic 35 
wave propagates from the transmitting electrode 3 
toward the receiving electrode 4 in the direction of ar- 
row W. 

Alternatively, the transmitting electrode 3 and 
the receiving electrode 4 can be formed between the 40 
single crystal silicon substrate 1 and the piezoelectric 
aluminum nitride thin film 2. 

FIG. 1 shows X-axis, Y-axis and Z-axis which are 
the crystal axes of the single crystal silicon substrate 
1. The X-axis is in coincidence with the axis 11 of 45 
propagation direction of the surface acoustic wave. 
The Z-axis coincides with the axis 12 of a normal to 
the single crystal silicon substrate 1. 

The C-axis 21 of the piezoelectric aluminum nitr- 
ide thin film 2 is set in a direction in which the projec- 50 
tion vector 22 of the C-axis on a plane containing the 
axis 11 of propagation direction of the surface acous- 
tic wave and the normal axis 12 of the single crystal 
silicon substrate 1, i.e., on the X-Z plane, makes a 
predetermined angle of inclination 9 with respect to 55 
the axis 11 of propagation direction. 

The piezoelectric aluminum nitride thin film 2 can 
be formed by a known process such as sputtering or 



CVD (chemical vapor deposition). 

FIG. 2 shows a package enclosing the device of 
FIG. 1 therein. The package has projecting therefrom 
input terminals 5, 51 connected to the transmitting 
electrode 3, and output terminals 6, 61 connected to 
the receiving electrode 4. When an electric signal is 
fed to the input terminals 5, 51 from an unillustrated 
external circuit, a surface acoustic wave in accor- 
dance with the input signal is emitted by the transmit- 
ting electrode 3 on excitation, received by the elec- 
trode 4 and delivered as an electric signal again from 
the output terminals 6, 61 to an external circuit. 

In the course of accomplishing the present inven- 
tion, we simulated variations in the coupling coeffi- 
cient K 2 by altering the crystal surface of the single 
crystal silicon substrate 1 shown in FIG. 1, the angle 
9 between the projection vector 22 of the C-axis 21 
and the propagation direction axis 11, the thickness 
h of the piezoelectric aluminum nitride thin film 2, the 
wavelength X of surface acoustic waves and like con- 
d it ions. 

The coupling coefficient was calculated by apply- 
ing the theories and calculation methods disclosed, 
for example, in "A Method for Estimating Optical 
Crystal Cuts and Propagation Direction for Excitation 
of Piezoelectric Surface Waves" (IEEE Transaction 
on Sonics and Ultrasonics, Vol. SU-15, No. 4, Octo- 
ber 1968, pp. 209-217), and "PHYSICAL ACOUS- 
TlCS-Principle and Methods-" (edited by WARRENT 
P. MASON and R. N. THURSTON, VOLUME IX 1972, 
ACADEMIC PRESS, NEW YORK and LONDON). 

According to these calculation methods, a basic 
piezoelectric equation involving consideration of the 
anisotropy and piezoelectric characteristics of the 
surface acoustic wave propagating layer, Newton's 
equation of motion, Maxwell's electromagnetic equa- 
tions, etc. are solved by numerical analyses to there- 
by calculate the surface wave propagation velocity 
Vm when the surface of the piezoelectric aluminum 
nitride thin film is electrically short-circuited, and the 
propagation velocity Vf on the free surface. 

The coupling coefficient K 2 is calculated from the 
following equation using the propagation velocities 
Vm and Vf. 

K 2 = 2(Vf - Vm)/Vf 

FIGS. 3 to 5 show some results of the above sim- 
ulation, i.e., characteristics curves of coupling coeffi- 
cients K 2 at varying inclination angles 9 of 0 degree 
to 90 degrees. 

The characteristics curves of FIG. 3 show the re- 
sults obtained when the piezoelectric thin film form- 
ing surface of the single crystal silicon substrate 1 is 
the (001) crystal plane, the propagation direction axis 
11 of surface acoustic waves is the [100] axis of the 
substrate 1,and the C-axis 21 of the piezoelectric alu- 
minum nitride thin film 2 is present in the X-Z plane, 
with the C-axis 21 in coincidence with the projection 
vector 22. It is assumed that the thickness of the pie- 
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zoelectric thin film 2 is h, and that the wavelength of 
surface acoustic waves is X. Curve A represents the 
coupling coefficient characteristics in the case where 
2nhIX = 2.0, curve B those when 2nhIX = 2.5, and 
curve C those when 2nh!X - 2.6. 

These characteristics curves A, B and C reveal 
that the coupling coefficient K 2 increases as the in- 
clination angle 9 i ncreases from 0 degree, then reach- 
es a peak and thereafter decreases. At inclination an- 
gles 8 of up to about 60 degrees, the coupling coeffi- 
cient K 2 is greater than at an inclination angle 9 of 0 
degree which is the angle for the conventional sur- 
face acoustic wave device. With curve A, the coupling 
coefficient K 2 reaches a maximum of 1 .05% at an in- 
clination angle 9 of 35 degrees. With curve B, the cou- 
pling coefficient K 2 reaches a maximum of 1.18% at 
an inclination angle 9 of 37 degrees. With curve C, the 
coupling coefficient K 2 is a maximum of 1.20% at an 
inclination angle 9 of 37 degrees and is greater at in- 
clination angles 9 of up to about 53 degrees than at 0 
degree. 

Further the smaller the value 2%\\IX, the more 
gentle is the slope of the characteristics curve. When 
this value is less than about 1.8, the curve has no 
peak (not shown). 

FIG. 4 shows characteristics curves obtained 
when the piezoelectric thin film forming surface of the 
single crystal silicon substrate 1 is the (110) crystal 
plane, the propagation direction axis 11 of surface 
acoustic waves is the [001] axis of the substrate 1, 
and the C-axis 21 of the piezoelectric aluminum nitr- 
ide thin film 2 is present in the X-Z plane. Curve D rep- 
resents the coupling coefficient characteristics when 
2%\\IX = 1.8, and curve E those when 2nhIX = 2.6. 

These characteristics curves D and E also reveal 
the tendency for the coupling coefficient K 2 to in- 
crease as the inclination angle 9 increases from 0 de- 
gree, then reach a peak and thereafter decrease. At 
inclination angles 9 of up to about 60 degrees, the 
coupling coefficient K 2 is greater than atan inclination 
angle 8 of 0 degree which is the angle for the conven- 
tional surface acoustic device. With curve D, the cou- 
pling coefficient K 2 reaches a maximum of 1.04% at 
an inclination angle of 33 degrees. With curve E, the 
coupling coefficient K 2 reaches a maximum of 1.18% 
at an inclination angle of 36 degrees and is greater at 
inclination angles of up to about 55 degrees that at 0 
degree. 

Further the smaller the value 2nh!X, the more 
gentle is the slope of the characteristics curve. When 
this value is less than about 1.8, the curve has no 
peak (not shown). 

FIG. 5 shows characteristics curves obtained 
when the piezoelectric thin film forming surface of the 
single crystal silicon substrate 1 is the (111) crystal 
plane, the propagation direction axis 11 of surface 
acoustic waves is the [112] axis of the substrate 1, 
and the C-axis 21 of the piezoelectric aluminum nitr- 



ide thin film 2 is present in the X-Z plane. Curve F rep- 
resents the coupling coefficient characteristics when 
2nhlX = 2.5, and curve G those when 2nhtX = 2.6. 
These characteristics curves F and G reveal that 

5 the coupling coefficient K 2 is higher than about 1% at 
inclination angles 9 in the range of about 20 degrees 
to about 60 degrees. With curve F, the coupling coef- 
ficient K 2 reaches a maximum of 2.22% at an inclin- 
ation angle 9 of 37 degrees. With curve G, the cou- 

10 pling coefficient K 2 reaches a maximum of 2.12% at 
an inclination angle 9 of 36 degrees. 

FIG. 6 shows the angular ranges of 0 degree < 9 
^ 60 degrees as hatched which are highly effective 
for giving high coupling coefficients in the case of 

is FIGS. 3 and 4. FIG. 7 shows the angular ranges of 20 
degrees ^ 9 ^ 60 degrees as hatched which are high- 
ly effective similarly in the case of FIG. 5. It is crys- 
tallographically apparent that such illustrated angular 
rnages which are symmetric with respect to the crys- 

20 tal axis produce an exactly identical effect. 

FIGS. 3 to 5 show the results of simulation in the 
case where the single crystal silicon substrate 1 has 
the above-mentioned crystal plane and crystal axis in 
connection with the piezoelectric aluminum nitride 

25 thin film 2, whereas substantially the same result as 
above can be achieved in the case where the silicon 
substrate 1 has a plane equivalent to the above crys- 
tal plane or the crytal axis is slightly displaced. 
Further FIGS. 3 to 5 show the results obtained in 

30 the case where the C-axis 21 of the piezoelectric alu- 
minum nitride thin film 2 is positioned in the X-Z 
plane, whereas substantially the same result as 
above can be attained when the projection vector 22 
is in the same direction even if the C-axis 21 is posi- 

35 tioned outside the X-Z plane. This is apparent from 
the fact that the characteristics of C-axis-oriented 
polycrystalline aluminum nitride are determined only 
by the C-axis and that the A-axis is equivalent to the 
B-axis. 

40 Further with respect to the thickness h of the pie- 
zoelectric aluminum nitride thin film 2, we have con- 
firmed that substantially the same result as illustrated 
in FIGS. 3 to 5 can be achieved if the value of 2nhlX 
is up to 20. 

45 As described above, the surface acoustic wave 
device of the present invention can be given a higher 
coupling coefficient than heretofore possible by set- 
ting the angle of inclination of the C-axis within the an- 
gular range shown in FIG. 6 or 7 in the case where 

so thickness h of the piezoelectric aluminum nitride thin 
film 2 is in the range of 20 ^ 2nh/X ^ 1.8. 

Incidentally according to the aforementioned Un- 
examined Japanese Patent Publication SHO 58- 
59617, the peak value of a curve corresponding to 

55 curve A in FIG. 4 of the invention and obtained under 
the same conditions is 0.98%, the corresponding 
peak value for curve B is 1.02%, and the correspond- 
ing peak value for curve C is 1 .03%. These values are 
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all smaller than the foregoing values obtained with the 
device of the present invention. 

Further according to the aforementioned Unexa- 
mined Japanese Patent Publication JP-A-58059618, 
the peak value of a curve corresponding to curve D 
in FIG. 5 of the invention and obtained under the same 
conditions is 0.85%, and the corresponding peak val- 
ue for curve E is 0.91 %. These values are both small- 
er than the foregoing values obtained with the present 
device. 

The foregoing description of the embodiment is 
given only for the purpose of illustrating the present 
invention and should not be construed as limiting the 
claimed invention or reducing the scope thereof. Fur- 
thermore the construction of the present device is not 
limited to that of the embodiment but can of course be 
modified variously by one skilled in the art without de- 
parting from the scope of the invention as defined in 
the appended claims. 

For example, the piezoelectric thin film of C-axis- 
oriented polycrystalline aluminum nitride used in the 
above embodiment can be replaced by a piezoelec- 
tric thin film of single crystal aluminum nitride. Since 
the A-axis of single crystal aluminum nitride is equiv- 
alent to the B-axis thereof, the characteristics of the 
surface acoustic wave device can be determined by 
determining the orientation of C-axis in this case. Ac- 
cordingly, the device can be of the same construction 
as when the piezoelectric thin film of C-axis-oriented 
polycrystalline aluminum nitride is used to produce 
the same effect as already described. 



Claims 

1 . A surface acoustic wave device comprising: 

a single crystal silicon substrate (1) defin- 
ing a plane surface, 

a piezoelectric thin film (2) of single crys- 
tal or C-axis-oriented polycrystaline aluminum 
nitride formed on said plane surface of the sub- 
strate (1), 

and means (3) for transmitting a surface 
acoustic wave having a predetermined wave- 
length X propagating in a predetermined propa- 
gation direction (11) along said plane surface, 

the C-axis (21) of the piezoelectric thin 
film (2) being set in a direction such that the pro- 
jection vector (22) of the C-axis on a projection 
plane (X-Z) containing said propagation axis (11) 
and the normal axis (12) of the substrate (1) 
makes a predetermined angle of inclination 8 with 
respect to the axis (11) of propagation direction 

charaterized in that the inclination angle 0 
is in the range of 0 degree < 9 ^ 60 degree and 
the piezoelectric aluminum nitride thin film (2) 
has a thickness h satisfying the relationship 1.8 
£ 2nh/X si 20. 



2. A device as defined in claim 1 , wherein the C-axis 
(21) of the piezoelectric thin film (2) is set in the 
projection plane (X-Z). 

5 3. A device as defined in claim 1 , wherein said plane 
surface of the single crystal silicon substrate (1) 
is the (001) crystal plane or a plane equivalent 
thereto. 

w 4. A device as defined in claim 2 or 3, wherein the 
axis (11) of propagation direction is set to the 
[100] axis of the single crystal silicon substrate 
d). 

15 5. A device as defined in claim 1 , wherein said plane 
surface of the single crystal silicon substrate (1) 
is the (110) crystal plane or a plane equivalent 
thereto. 

20 6. A device as claimed in claim 2 or 5, wherein the 
axis (11) of propagation direction is set to the 
[001] axis of the single crystal silicon substrate 
(1). 

25 7. A device as defined in claim 1 , wherein said plane 
surface of the single crystal silicon substrate (1) 
is the (111) crystal plane or a plane equivalent 
thereto. 

30 8. A device as claimed in claim 2 or 7, wherein the 
axis (11) of propagation direction is set to the 
[112] axis of the single crystal silicon substrate 
(1). 

35 

Patentanspruche 

1 . Akustische Oberf lachenwellenanordnung mit 
einem Silizium-Einkristallsubstrat (1), das eine 

40 ebene Oberf lache bildet, 

einem piezoelektrischen Dunnf ilm (2) aus mono- 
kristallinem oder C-Achsen orientiertem polykri- 
stallinen Aluminiumnitrid, der auf der ebenen 
Oberf lache des Substrates (1) geformt ist, 

45 und Mitteln (3) zum Aussenden einer akustischen 
Oberf lachenwelle mit vorgegebenerWellenlSnge 
X, die sich in einer vorgegebenen Fortpflan- 
zungsrichtung (11) langs der ebenen Oberf lache 
fortpflanzt, 

50 wobei die C-Achse (21) des piezoelektrischen 
Dunnf ilms (2) in einer solchen Richtung angeord- 
net ist, dad der Projektionsvektor (22) der C-Ach- 
se auf eine Projektionsebene (X-Z), die die Fort- 
pflanzungsachse (11) und die Normalenachse 

55 (12) des Substrats (1) enthdlt, einen vorgegebe- 

nen Neigungswinkel 9 bezuglich der Achse (11) 
der Fortpflanzungsrichtung bildet, 
dadurch gekennzeichnet, da&derNeigungswin- 
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4. 



kel 8 im Bereich 0° < 9 ^ 60° liegt und dad der pie- 
zoelektrische Aluminiumnitrid-DOnnfilm (2) eine 
Dicke h hat, die der Beziehung 1 ,8 ^ 2 nh/X ^ 20 
genugt. 

Anordnung nach Anspruch 1, bei derdie C-Achse 
(21) des piezoelektrischen Dunnfilms (2) in der 
Projektionsebene (X-Z) angeordnet ist. 

Anordnung nach Anspruch 1, bei der die ebene 
Oberflache des Silizium-Einkristallsubstrats (1) 
die (001)-Kristallebene Oder eine dazu Squivalen- 
te Ebene ist. 

Anordnung nach Anspruch 2 Oder 3, bei der die 
Achse (11) der Fortpflanzungsrichtung in der 
[100]-Achse des Silizium-Einkristallsubstrates 
(1) angeordnet ist 

Anordnung nach Anspruch 1, bei der die ebene 
Oberflache des Silizium-Einkristallsubstrats (1) 
die (110)-Kristailebene oder eine dazu aquivalen- 
te Ebene ist. 



10 
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20 



4. 



projection (X-Z), qui contient ledit axe de propa- 
gation (11 ) et raxe normal (1 2) du substrat (1 ), fait 
un angle d'inclinaison (9) predetermine par rap- 
port a I'axe (11) de la direction de propagation, 

caracterise en ce que Tangle d'inclinaison 
(9) se situe dans la fourchette 0 degres < 9 ^ 60 
degres etia couche mince piezo-electrique (2) de 
nitrure d'aluminium a une epaisseur h qui satis- 
fait a la relation 1 ,8 ^ 2nhfX ^ 20. 

Dispositif selon la revendication 1, dans lequel 
I'axe C (21) de la couche mince piezo-electrique 
(2) est place dans le plan de projection (X-Z). 

Dispositif selon la revendication 1 , dans lequel la- 
dite surface plane du substrat (1) en silicium mo- 
nocristallin est le plan (001) du cristal ou un plan 
equivalent a celuhci. 

Dispositif selon la revendication 2 ou 3, dans le- 
quel I'axe (11) de la direction de propagation est 
place sur I'axe [1 0 0] du substrat (1) en silicium 
monocristallin. 



6. Anordnung nach Anspruch 2 oder 5, bei der die 
Achse (11) der Fortpflanzungsrichtung in der 
[001] -Achse des Silizium-Einkritallsubstrates (1) 
angeordnet ist. 

7. Anordnung nach Anspruch 1, bei der die ebene 
Oberflache des Silizium-Einkristallsubstrats (1) 
die (111)-Kristallebene oder eine dazu Squivalen- 
te Ebene ist. 

8. Anordnung nach Anspruch 2 oder 7, bei der die 
Achse (11) der Fortpflanzungsrichtung in der 
[112] -Achse des Silizium-Einkristallsubstrats (1) 
angeordnet ist. 



Revendlcations 

1. Dispositif a ondes acoustiques de surface, qui 
comprend : 

- un substrat (1) en silicium monocristallin qui 
def init une surface plane, 

- une couche mince piezo-electrique (2), en 
nitrure d'aluminium monocristallin ou poly- 
cristallin, a orientation d'axe O, formee sur 
ladite surface plane du substrat (1), et 

- des moyens (3) pour transmettre une onde 
acoustique de surface ayant une longueur 
d'onde X predeterminee qui se propage 
dans une direction de propagation (11) pre- 
determinee le long de ladite surface plane, 

I'axe C (21) de la couche mince piezo-electrique 
(2) etant place dans une direction telle que le vec- 
teur de projection (22) de I'axe C sur un plan de 
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Dispositif selon la revendication 1 , dans lequel la- 
dite surface plane du substrat (1) en silicium mo- 
nocristallin est le plan (110) du cristal ou un plan 
equivalent a celui-cL 

Dispositif selon la revendication 2 ou 5, dans le- 
quel I'axe (11) de la direction de propagation est 
place sur I'axe [0 0 1] du substrat (1) en silicium 
monocristallin. 

Dispositif selon la revendication 1 , dans lequel la- 
dite surface plane du substrat (1) en silicium mo- 
nocristallin est le plan (111) du cristal ou un plan 
equivalent a celuhci. 

Dispositif selon la revendication 2 ou 7, dans le- 
quel I'axe (11) de la direction de propagation est 
place sur I'axe [1 1 2] du substrat (1) en silicium 
monocristallin. 
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